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Magnetic critical behavior of the van der Waals Fe5GeTe2 crystal with near room temperature ferromagnetism
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1. [image: E:\科研\科研成果\in ShanghaiTech\2020\in preparing\Ours\Fe5GeTe2-critical behavior\Figure 1 Fe5GeTe2.tif]Phase and quality chracterizations on Fe5GeTe2 crystal

Fig. S1. (a-b) Crystal structure of Fe5GeTe2 viewed from directions along the a- and c-axes, respectively. (c) Image of a typical Fe5GeTe2 single crystal. (d-f) Single crystal X-ray diffraction patterns in the reciprocal space along the (0 k l), (h 0 l), and (h k 0) directions.

[bookmark: _GoBack]The SXRD measurement gives the space group  (No.166) of the crystal structure with lattice parameters a = 4.05(1) Å, c = 29.23(2) Å, and α = β = 90°, γ = 120°, consistent with previously reported values in Ref. 2 but slightly larger than those in Ref. 1, presumably due to the smaller Fe deficiency content in our crystals, which is determined as x ~ 0.09 in Fe5-xGeTe2 by the energy dispersive spectroscopy (EDS) chracterizations, which could be seen below. We thereafter still use Fe5GeTe2 to represent the used crystals in this experiment. The crystal structure, schematically shown in Figs. S1(a)-(b) seen from the a- and c-axis respectively, is drawn based on analyzing the SXRD data. The structure of Fe5GeTe2, analogue to Fe3GeTe2, is basically built up by 2D slabs of Fe and Ge between the van der Waals gapped Te layers.2, 3 The optical image of the typical crystal is shown in Fig. S1c. The perfect reciprocal space lattice of SXRD without any other miscellaneous points, seen in Figs. S1(d)-(f), indicates pure phase and high quality of the crystal. Previous studies unveiled that Fe5GeTe2 has two similar crystal structures when the synthesis methods are different.3 One structure has a higher symmetry in a space group  and the other one has the space group of R3m. These structures both are with rhombohedral lattice centering three Fe5GeTe2 layers in each unit cell. The structure with a higher symmetry contains three Fe sites in each unit cell, where the Fe(1) site, marked in Fig. S1(a), is treated as a split site occupying either above or below the neighboring Ge site. As a contrast, in the lower symmetry model the equivalent Fe(1) site is never treated as a split site and is always “up” in a layer. Analogue to Fe3-xGeTe2, the equivalent Fe(1) site could be vacant, thus allowing the Fe deficiency in both compounds to tune the TC.

2. The EDS measurements on Fe5GeTe2 crystal
[image: E:\科研\科研成果\in ShanghaiTech\2020\submitted\Ours\Fe5GeTe2-critical behavior\Scientific Reports\R1\Figure S2.tif]The Element analysis of Fe5GeTe2 was performed by using energy-dispersive X-ray spectroscopy (EDS). More than 3 random areas on the surface of the crystal were measured, as shown by several typical pictures shown in Figure S2, and more than 10 spots in each area were measured. The values were finally averaged, which are presented in Table S1, showing the compositions as Fe : Ge : Te = 4.91 : 1.01 : 2.08.  

Fig. S2. Several typical EDS measurement results of the Fe5GeTe2 single crystal. 

[image: ]Table. S1. The averaged values of the EDS results of the Fe5GeTe2 single crystal.
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